Sialic acid is the common name for acylated derivatives of neuraminic acid. The most commonly occurring of these is N-acetylneuraminic acid (NeuAc), a nine-carbon sugar. NeuAc is an important constituent of the oligosaccharide chains found in the glycoproteins and glycolipids of the cell coats and membranes of animal tissue.
Sialic acid is the common name for acylated derivatives of neuraminic acid. The most commonly occurring of these is N-acetylneuraminic acid (NeuAc), a nine-carbon sugar. NeuAc is an important constituent of the oligosaccharide chains found in the glycoproteins and glycolipids of the cell coats and membranes of animal tissue.
It has been suggested that increased level of NeuAc found in the sera of patients with tumours is due to an increased release and breakdown of sialoglycoconjugates from tumour cell membranes [ 11. Recent studies by Debray et al. [2] have shown that there is an increase in highly branched oligosaccharides in transformed human tumour cells. However, altered levels of serum sialic acid have been associated with several non-neoplastic disorders 131, thus casting doubts on its specificity as a tumour marker.
It has been suggested that the levels of the lipid-bound subfraction of sialic acid (LSA) might be a more useful and discriminating marker for tumour detection than total NeuAc concentration 14, 51. However, other results have indicated that LSA serum levels are not sufficiently sensitive or specific for the screening of tumour patients 161.
We wished to evaluate total serum NeuAc and LSA as tumour markers, using a mouse model. In these experiments the Landschutz ascites tumour (LAT) was used. One group of mice received 1 X lo5 LAT cells in 1.0 ml of phosphatebuffered saline (PBS), pH 7.3, whereas those in the control groups received only PBS (1.0 ml). Each group contained four male Schofield mice. The mice were injected intraperitoneally. Blood samples were taken before and after injection of LAT cells or PBS. Total serum NeuAc was analysed using the colorimetric thiobarbituric acid method described by Warren [7] and serum LSA values were determined by the procedure of Katopodis & Stock [8] .
Total serum NeuAc results showed no correlation with tumour burden. The increase in the number of tumour cells was not accompanied by a corresponding increase in serum NeuAc levels. Fluctuations in NeuAc levels in the tumour group were accompanied by very similar changes in the PBS control group, thus indicating a non-tumour-associated effect.
In the LAT bearing mice, NeuAc levels peaked after 3 days but then fell dramatically after a further 3 days. An initial peak was also observed in the PBS control group after 3 days. The magnitude of the peak in the LAT group was compared with that of the control by using Student's t test. This was based on the comparison between the average changes in NeuAc levels from day -1 (the day before injection) to day 3. A small difference was found t o exist between the LAT peak and that of the PBS control. The rapid increase in total sialic acid in mice bearing the LAT suggests that the sialic acid is produced by the host in response to the Abbreviations used: Neu Ac. N-acetylneuraminic acid; LSA, lipid-bound sub-fraction of sialic acid; LAT, Landschutz ascites turnour; PBS, phosphate-buffered saline. A second peak in total serum NeuAc concentration also occurred in the LAT group on day 13. However, a similar increase occurred in the PBS control group on the same day, thus showing that the increase in NeuAc levels was not due to the increase in tumour burden. A similar response, that is, an increase in sialic acid levels followed by a dramatic decrease, has recently been observed in mice bearing Ehrlich ascites tumour 191,
The results of serum LSA determinations are shown in Fig. 1 . Initial results for LSA values showed good correlation with tumour burden. A 48% increase was observed in the LAT group between day -1 and day 6. with only a 21% increase in the control group over the same period. However, despite these results, no further elevation in LSA values occurred in the tumour group after day 6. despite an obvious increase in tumour burden. LSA values in the control group were also seen to level off after day 9.
The importance of both total serum NeuAc and LSA as tumour markers has been a contentious issue for many years. The most significant finding from these experiments was that the overall correlation between serum LSA values and extent of tumour growth was very poor. The sensitivity and specificity of LSA in relation to its potential as a marker for cancer screening, along with methods used to evaluate LSA levels, have also been questioned IlO]. Our experiments show that neither total NeuAc nor LSA are reliable indicators of the presence of increasing levels of tumour burden.
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lritroductioti
The extracellular adenine nucleotides ATP, ADP and AMP have been shown to inhibit the proliferation of a variety of mammalian cell types in vifro, including transformed mouse fibroblasts [ 1, 21. However, recent studies have also shown that ATP in serum-free medium can stimulate the proliferation of quiescent chick embryo fibroblasts /3]. This study was undertaken to investigate the effects of extracellular adenine nucleotides on [ 3H]thymidine incorporation by normal human lung fibroblasts. The effect on both actively dividing cells and on quiescent cells were examined and the possible role of CaZ+ in the nucleotide/ fibroblast interaction was studied.
Methods
A primary cell line of normal human fibroblasts was established by explant culture of finely minced normal human lung tissue. Cells between passage 3 and 15 were used in these experiments. Characterization by light microscopy and electron microscopy showed these cells to be truly fibroblasts. The cells were rendered quiescent by growing to confluence and maintaining for a further 48 h in Dulbecco's modified Eagle's medium (DMEM) containing 0.4% (v/v) foetal calf serum (FCS). To examine the effects of adenine nucleotides cells were plated at a density of 5 x 1 O2 cells per well in 96-well tissue culture plates in DMEM containing either 10% or 0.4% FCS. After 24 h the medium was replaced with fresh medium containing 10% or 0.4% FCS, 150 PM-ATP, -ADP, -AMP or -cyclic AMP, and 0.5 ,uCi of [3H]thymidine. In experiments examining the effects of Ca" influx this was preceded by a 2 h incubation with either 0.1 mMverapamil (blocks Ca" channels) or 3 m~-A 2 3 1 8 7 (stimulates Ca2+ influx). The cells were incubated for 24,48 or 72 h before the medium was removed, the monolayers washed with Hanks balanced salt solution and solubilized with 2% (w/v) SDS overnight at room temperature. Aliquots from each of quadruplicate wells were counted in a B-scintillation counter. In each case results were expressed as percentage of control c.p.m. Paired t tests comparing c.p.m. incorporated in control cells compared with c.p.m. incorporated in test cells were used for statistical analysis.
Results
Adenine nucleotides stimulated [ 3H]thymidine incorporation in actively growing fibroblasts. The increase was not significant at 24 h but ranged bctwccn 145 f 17'%, and 1 6 3 f 19% of control values at 48 h (1'50.05. ti = 10). This stimulation was maintained for 72 h. There appeard to be no order of potency in the ability of the four nucleotides to stimulate proliferation. A similar result was seen upon nucleotide stimulation of quiescent fibroblasts. However, in 0.4% FCS the time course of stimulation appeared to be different with greatest stimulation observed at 24 h (range 145 k 19% to 205 f 39%, 1'20.05, n = 5). The proliferative effect was sustained into the later time periods and there appeared once again to be no distinction between the four nucleotides in their ability to stimulate proliferation.
The growth-inducing ability of Ca2 ' in resting fibroblastic cell cultures has been demonstrated [4J and ATP has been shown to induce Ca2+ mobilization and inositol 1,4,5-triphosphate formation in various cell types 151. We investigated a possible role for nucleotide-mediated Ca?' influx in the proliferative effects seen. Pretreatment of a population of actively growing cells with verapamil yielded a population of cells impermeable to extracellular Ca'+ influx. These cells along with a control untreated population were stimulated with the four nucleotides for 48 h. Proliferation of control cells (i.e. no added verapamil) was stimulated to between 121 f 12% and 183+ 33% of control by the nucleotides (1'10.05, n = 4). However, no stimulation of cell growth was observed with these nucleotides when Ca?+ influx was blocked with verapamil (range 92 _+ 24% to 1 10 k 2 1% of control, tz = 4). A similar pattern was observed with quiescent cells, where stimulation was completely abolished when the cell population was pretreated wtih verapamil before incubation with the nucleotides.
The Ca" ionophore A23187 stimulates the entry of extracellular Ca'+ into cells. Two hour pretreatment of fibroblasts wth ionophore resulted in an increase in [>H]thymidine incorporation to 131% after 48 h in actively growing cells and to 137% of control after 24 h in quiescent cells, although this did not reach significance. Ionophore-treated cells showed a greater proliferative response to the nucleotides. In quiescent cells nucleotides alone stimulated [,'H]thymidine incorporation (range 192% to 267% of control) while in cells pretreated with ionophore greater stimulation was observed (range 262% to 392% of control). A similar pattern was seen in actively growing cells after 48 h.
Conclusion
These results indicate that extracellular ATP, ADP, AMP and cyclic AMP can stimulate proliferation of both quiescent and actively growing human lung fibroblasts. As this effect is abolished by blocking Ca2+ channels it would appear that Ca2+ mobilization plays an important role in the effects of adenine nucleotides on fibroblasts. Although the activation
